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(57) ABSTRACT 

A system and method for reducing the poWer dissipated in an 
Analog to Digital Converter (ADC). The method includes the 
steps of: receiving a residue output from a previous phase of 
a plurality of clock phases Where the plurality of clock phases 
includes a sample-and-hold phase and an amplifying phase 
for sampling and amplifying an analog input signal respec 
tively, eliminating an effect of load on a residue ampli?er 
When amplifying the residue output to generate an ampli?ed 
residue output in the amplifying phase, and eliminating an 
effect of small feedback factor When sampling the ampli?ed 
residue output in the sample-and-hold phase. PoWer advan 
tage is achieved by sharing the load on the residue ampli?er 
across the sample-and-hold phase and the amplifying phase 
rather than being fully present in any one of the clock phases. 
The present invention also provides a method for reducing the 
number of comparators used in ADCs. 

6 Claims, 5 Drawing Sheets 



US 7,821,436 B2 
Page 2 

US. PATENT DOCUMENTS 

6,963,300 B1 
7,158,443 B2 
7,248,199 B2 
7,253,686 B2 

11/2005 Lee 

1/2007 Lin 

7/2007 Asano et a1. 

8/2007 Ali 

7,285,996 B2 
2005/0212575 A1 
2007/0030753 A1 
2007/0046345 A1 
2008/0054963 A1 

* cited by examiner 

10/2007 
9/2005 
2/2007 
3/2007 
3/2008 

Fiedler 
Kim 
Kwak 
Tai et a1. 
Masenas 



US. Patent 0a. 26, 2010 Sheet 1 of5 US 7,821,436 B2 

A SAMPLE 
AND HOLD 

100 @ 
ADC! 

COM PARATOR 

CLK CLK CLK CLK 

Analog Input l <@ l l l l <@ 
.____> Sample! Hold ‘ , 

Stage —>! Stage 1 H Stage 2 H Stage 3 }—> Flash 

Digital Error Correction 

i 
Digital Output 

FIG: 1 (Prior Art Figure) 



US. Patent 0a. 26, 2010 Sheet 2 of5 US 7,821,436 B2 

200 

‘ _ Sample: 
Ampllfymg and-Hold 
Phase phase 

we‘ ‘Cf 
|\ ‘ 

C: <@ <@ 
I _ _ 1 Cs, next 

‘ = *0 ‘ Y5 
C9 C9 

FIG: 2 





US. Patent Oct. 26, 2010 Sheet 4 of5 US 7,821,436 B2 

400 

Receive the residue value from the residue ampli?er in a an 

amplifying phase 

Amplify the residue value during the amplifying phase, 
thereby eliminating a load effect on the residue ampli?er 

where a next stage capacitance is not present 

l 
Eliminate the sampling capacitance of a previous stage during 

a sample-and-hold phase, 

‘7 l ‘l 408 I 

Output a residue value from a residue ampli?er at the 
termination of the sample-and-hold phase, the residue value 

being derived from the sampled analog input signal 

l [$404) 

f\@ 

FIG: 4 



US. Patent 0a. 26, 2010 Sheet 5 of5 US 7,821,436 B2 

Zero 

4 
w ‘— Set-E —> ‘—-— Set-D —> 

FIG: 



US 7,821,436 B2 
1 

SYSTEM AND METHOD FOR REDUCING 
POWER DISSIPATION IN AN ANALOG TO 

DIGITAL CONVERTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to Indian Provisional 
Patent Application No. 1005/CHE/2006, ?led Jun. 9, 2006, 
and Indian Non-Provisional Patent Application No. 1182/ 
CHE/2007, ?led Jun. 8, 2007, Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates generally to analog to digital 

converters and more particularly to a system and method for 
reducing poWer dissipation in analog to digital converters. 

2. Discussion of PriorArt 
Analog to Digital (A/D) converters serve to translate a 

given analog input signal (over a given range of potential 
signal values) into a corresponding digital signal. Some appli 
cations require the conversion accuracy to be very high While 
maintaining a high rate of conversion. For those applications 
requiring high conversion accuracy at a high conversion rate, 
more poWer is dissipated. This is problematic for applica 
tions, such as mobile applications, Where poWer dissipation is 
of paramount importance. The increasing need for loW poWer 
A/ D conversion has fueled a trend toWards ever-improving 
ADC poWer e?iciency. 

The prior art is replete With a ho st of different types of ADC 
architectures. They include, for example, ?ash architecture, 
pipelined architecture, successive approximation architec 
ture and sigma delta architecture. 

FIG. 1 illustrates a general block diagram 100 of a pipe 
lined ADC of the prior art. This pipelined ADC divides an 
analog-to-digital conversion task into several consecutive 
stages, namely, a sample and hold stage 102, folloWed by one 
or more pipelined stages 104 106 and 108, and ?nally a ?ash 
stage 110. 
The sample and hold stage 102 samples and holds the 

analog input signal. It is folloWed by a set of pipelined stages 
104, 106, 108. Each pipelined stage produces a digital esti 
mate of an analog held signal received at an input of the stage. 
More particularly, at each pipelined stage, a digital estimate 
of the analog held signal is performed, the digital estimate is 
then converted back to an analog Waveform and is subtracted 
from the analog held signal received at the input of the stage. 
The result of the subtraction is referred to as residue. The 
residual analog signal is then ampli?ed in the hold phase and 
supplied to the next stage in the pipeline 104, 106, 108 to be 
sampled and converted in an identical manner. 
The last stage is a ?ash stage 110 that determines the Least 

Signi?cant Bits (LSB). The successive digital results from the 
respective pipelined stages are appropriately delayed 
throughout a bit alignment netWork. Finally, a digital correc 
tion stage 112 helps to recover the errors due to the compara 
tors offset. 

Each of the pipelined stages 104, 106, 108, as shoWn in 
FIG. 1, is constructed in an identical manner. That is, each 
includes a sample and hold circuit 114, an ADC 116 (eg a 
?ash converter), and a Digital to Analog (D/A) converter 
(DAC) 118. The ADC uses tWo clock phases, namely, a 
sample phase and a hold phase for A/D conversion. The 
sample phase is used to sample the input signal on the sam 
pling caps (not shoWn). The input analog signal is the output 
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2 
voltage from the previous stage. For the hold phase, the input 
signal is the analog voltage Which is supplied as an input to the 
ADC. The hold phase is used to calculate the residue. The 
sampled input analog signal is subtracted from the nearest 
DAC value determined by the comparator array. The sub 
tracted output is commonly referred to as residue. These tWo 
phases are described in greater detail as folloWs. 

Referring noW to the sample phase of the sample and hold 
stage 102, the sample and hold circuit 114 acquires and 
samples the analog input signal. The ADC 116 then converts 
the sampled signal to digital data. The conversion result forms 
the Most Signi?cant Bits (MSB) of the digital output. This 
same digital output is fed into the DAC 118, and its output is 
subtracted from the original sampled signal, the subtracted 
output is commonly referred to as residue. The residual ana 
log signal is then ampli?ed in the hold phase and supplied to 
the next stage in the pipeline to be sampled and converted in 
an identical manner to stage 1, 104. This process is repeated 
through as many stages as are necessary to achieve a desired 
resolution. 

In conventional pipelined ADCs, the large load on the 
residue ampli?er and small feedback factor in the ADC stages 
contribute to undesirable poWer consumption in ADCs. In 
conventional pipeline architectures as illustrated in FIG. 1, 
When any stage is in hold phase, the very next stage is in 
sample phase, or, When a stage is holding the residue value the 
very next stage is sampling the same residue value. Conse 
quently, the 1“, 3rd, 5”’ etc. stages sample simultaneously and 
hold simultaneously; the 2'”, 4th, 6th etc. stages sample 
simultaneously and hold simultaneously. In accordance With 
the processes of sampling and holding, described above, both 
these factors namely, large load on the residue ampli?er (load 
on the residue ampli?er decides current) and small feedback 
factor in the circuit appears at the same time Which in turn 
consumes a signi?cant amount of poWer. 

Hence, it Would be advantageous to have a system and 
method for manipulating either of these tWo poWer consump 
tion factors and thereby reduce the poWer dissipated in the 
ADC. 

The present invention addresses these needs. 

SUMMARY OF THE INVENTION 

The present invention is a system and method for reducing 
poWer dissipation in anAnalo g to Digital Converter (ADC). A 
loW poWerADC architecture reduces the number of compara 
tors used in a conventional ADC to achieve reduced poWer 
dissipation. The present invention also provides a method for 
reducing the bandWidth requirement on the main ampli?er by 
using a pre-charge ampli?er in an ADC. 

According to one aspect of the invention, a loW poWer 
analog to digital converter (ADC) is provided. The novel loW 
poWer ADC includes a plurality of clock phases, and a plu 
rality of sWitches coupled to a residue ampli?er in each clock 
phase. Each of the plurality of clock phases includes tWo 
constituent phases, namely, a sample-and-hold phase fol 
loWed by an amplifying phase. The amplifying phase in each 
clock phase includes a ?rst set of sWitches coupled to the 
residue ampli?er for amplifying the residue output of a 
sample-and-hold phase of a preceding clock phase. The 
ampli?ed residue output is stored in a feedback capacitor 
using a second set of sWitches. The second set of sWitches is 
operable to couple a feedback capacitor to the residue ampli 
?er. The amplifying phase further includes a third set of 
sWitches operable to couple a next stage (i.e., next clock 
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phase) sampling capacitor to the residue ampli?er such that 
the next stage sampling capacitor samples an output of the 
residue ampli?er. 

According to another aspect of the invention, a method for 
reducing poWer dissipated in an analog to digital converter 
(ADC) is provided. The method includes the steps of: (a) 
receiving, in a current amplifying phase, a residue value out 
put from a residue ampli?er in a previous clock phase; (b) 
outputting a residue value from the residue ampli?er at the 
termination of the sample-and-hold phase, the residue value 
being derived from the sampled analog input signal; (c) out 
putting the residue value from the residue ampli?er to an 
amplifying phase; and (d) amplifying the residue value in the 
amplifying phase, thereby eliminating a load effect on the 
residue ampli?er. The method further includes the steps of: 
driving a small load While holding a small feedback factor in 
the amplifying phase to eliminate an undesirable load effect 
during the amplifying phase; and driving a large load on the 
residue ampli?er to increase a feedback factor in the sample 
and-hold phase. 

According to yet another aspect of the invention, a method 
for reducing poWer dissipated in anADC is provided, Wherein 
the ADC is comprised of a plurality of clock phases, each 
phase being identically compri sed of an amplifying phase and 
a sample-and-hold phase. The method includes the steps of: 
for each of the plurality of clock phases: (a) calculating a 
residue value in the amplifying phase (b) holding the calcu 
lated residue value for the duration of the entire clock phase 
comprising the sample-and-hold phase and amplifying phase 
and (c) selecting a threshold value for a next set of compara 
tors in an immediately preceding sample-and-hold phase 
clock phase based on the held residue value at the step (b). It 
is noted that the invention contemplates other means for dis 
sipating poWer in the ADC, such as, by reducing the speed 
requirement on the comparator. 

Other aspects and example embodiments are provided in 
the Figures and the Detailed Description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a simpli?ed block diagram of a 
pipelined ADC, according to the prior art; 

FIG. 2 is a circuit diagram illustrating the tWo clock phases 
of the ADC according to an embodiment of the invention; 

FIG. 3 is a circuit diagram illustrating an example of imple 
mentation of the ADC according to an embodiment of the 
invention; 

FIG. 4 is a How diagram illustrating the steps in the method 
for reducing poWer dissipated in an ADC according to an 
embodiment of the invention; 

FIG. 5 explains hoW partitioning the comparators in tWo 
sets reduces the number of comparators used in ADC accord 
ing to an embodiment of the invention; and 

DETAILED DESCRIPTION 

The present invention is a system and method for reducing 
poWer dissipation in an Analog to Digital Converter (ADC). 
LoW poWer ADC architecture reduces the number of com 
parators used in a conventional ADC to achieve reduced 
poWer dissipation. The present invention also provides a 
method for reducing the bandWidth requirement on the main 
ampli?er by using a pre-charge ampli?er in an ADC. 

FIG. 2 is a circuit diagram 200 illustrating the tWo clock 
phases of an ADC according to an embodiment of the inven 
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4 
tion. The tWo clock phases in the ADC comprise a sample 
and-hold phase and an amplifying phase, described as fol 
loWs. 

Amplifying Phase 
The amplifying phase 202 samples the input data to the 

ADC and calculates and ampli?es a residue value Which 
represents the difference betWeen the input analog value and 
a sample of the analog value. The amplifying phase 202 
ampli?es the residue in a conventional manner, using a sam 
pling capacitor (Cs) 208 and a feedback capacitor (Cf) 206 
coupled to the residue ampli?er 212 in feedback. It should be 
understood that the residue ampli?er 212 is shared amongst 
the tWo phases and is therefore indicated by the same label 
212 in each phase. 

Sample-and-Hold Phase 
The sample-and-hold phase 204, samples the residue out 

put of the amplifying phase 202. In the sample-and-hold 
phase 204 the feed back capacitor (Cf) 206 is coupled to the 
residue ampli?er 212 in a feedback loop and a next stage 
sampling capacitor (Csnext) 210 samples the output of the 
residue ampli?er 212. By virtue of using the residue ampli?er 
212 in both phases of the clock, the load effect on the residue 
ampli?er 212 is eliminated during the time the residue output 
is being ampli?ed, and the effect of the loW feedback factor is 
eliminated during the time the ampli?ed output is sampled. 
Since the load on the residue ampli?er 212 decides the cur 
rent, poWer dissipation in the ADC is signi?cantly reduced by 
virtue of using the residue ampli?er 212 in both phases. 
According to this architecture of the invention, at each stage, 
sample/hold occurs exclusively in one phase and ampli?ca 
tion occurs exclusively in the other phase. 

FIG. 3 is a circuit diagram 300 illustrating an illustrative 
exemplary embodiment of anADC based on the circuit archi 
tecture of FIG. 2. In conformance With FIG. 2, the circuit 
diagram 300 illustrates the operations of a typical clock phase 
of the ADC comprised of tWo phases, i.e., a sample-and-hold 
phase 204 and an amplifying phase 202. 
The operation of the circuit diagram 300 illustrating an 

exemplary embodiment of anADC based on the circuit archi 
tecture of FIG. 2, is described as folloWs. 

Referring noW to FIG. 3, during the amplifying phase 202, 
the sWitches labeled S1 302 and S2, 304 are closed connect 
ing the sampling capacitor Cs 208 to the residue ampli?er 
212. A feedback capacitor Cf 206 is connected to the residue 
ampli?er 212 in feedback using sWitches labeled S3 306 and 
S4 308. The connection of any of the sWitches labeled S1 is 
made such that the input terminals are connected to any 
ofireference plus (REFP), reference minus (REFM) or ref 
erence common mode (REFCM) as determined from the 
output of the ?ash ADC 318. 

During the amplifying phase 202, the residue output of a 
previous sample-and-hold phase 204 is ampli?ed in the resi 
due ampli?er 212 and stored in the feedback capacitor Cf 206. 

During the previous sample-and-hold phase 204, the 
sWitches labeled S3, S4 306, 308 are in a closed state con 
necting the feedback capacitor Cf 206 around the residue 
ampli?er 212 in feedback. Also, the sWitches labeled S5 310 
and S6 312, are shoWn in a closed state connecting a next 
stage sampling capacitor Csnext 210 to the output of the 
residue ampli?er 212. 

During the previous sample-and-hold phase 204, the next 
stage sampling capacitor Csnext 210 samples the residue 
value stored in the feedback capacitor Cf 206 from the pre 
vious amplifying phase 202. Periodic reset of the charge on 
the feedback capacitor Cf 206 can be achieved by allocating 
a fraction of the time-period for resetting the feedback capaci 
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tor. It can also be achieved by using tWo feedback capacitors 
and alternating them for amplifying phase 202 and sample 
and-hold phase 204. 

It should be appreciated that the particular exemplary 
embodiment of FIG. 3 is provided by Way of illustration, and 
not limitation. Those knowledgeable in the art Will recogniZe 
that other circuit con?gurations may be used for sharing the 
load on the residue ampli?er 212 betWeen the clock phases. 

FIG. 4 is a How diagram illustrating a process 400 for 
reducing poWer dissipation in an ADC, according to an 
embodiment of the invention. 

At step 402, an ampli?ed residue output is received at an 
ADC amplifying phase from an immediately preceding 
sample-and-hold clock phase of the ADC. 
At step 404, a load effect on a residue ampli?er, Which is 

shared betWeen adjacent clock phases, is eliminated by 
amplifying the residue output of the amplifying phase to 
generate an ampli?ed residue output in the amplifying phase. 
The load effect is eliminated by driving a small load While 
maintaining a small feedback factor in the amplifying phase. 

At step 406, the effect of loW feedback factor is eliminated 
in the ADC by eliminating a sampling capacitance When 
sampling the ampli?ed residue output in the sample-and-hold 
phase. The undesirable effect of a loW feedback factor is 
eliminated by driving a large load on the residue ampli?er and 
increasing a feedback factor in the sample-and-hold phase. In 
other Words, the load on the residue ampli?er is shared 
betWeen the sample-and-hold phase and the amplifying phase 
by avoiding a sloWing-effect of the loW feedback factor While 
the next stage capacitance is sampling in the sample-and-hold 
phase and a loading effect of the next stage sampling capaci 
tor is avoided While amplifying the residue value in the ampli 
fying phase. 
At step 408, the residue value from the residue ampli?er is 

output at the termination of the sample-and-hold phase. The 
residue value is derived from the sampled analog input signal. 

It should be appreciated that a poWer advantage is achieved 
in the ADC by sharing the load on the residue ampli?er across 
the tWo phases (amplifying and sample and hold) of each 
clock phase. By sharing the load across each phase, it is never 
fully present in either phase. As is Well knoWn in the art, the 
load determines the required current, and if the load is 
reduced, in accordance With invention principles, it therefore 
folloWs that the poWer dissipation Will be similarly reduced. 

FIG. 5 is a diagram for describing hoW partitioning the 
comparators into tWo sets reduce the overall number of com 
parators used in an ADC, according to an embodiment of the 
invention 500. For the sample-and-hold phase, at each stage, 
input data is sampled Whereby the input data is a residue 
output of the previous stage, With the exception of stage 1. For 
stage 1, the input data to the ADC is sampled and the ampli 
fying phase is used to calculate the residue. It is noted that the 
residue value for each stage is held for tWo consecutive clock 
phases, namely, a current amplifying phase and the next sam 
pling-and-hold phase. This is in contrast With conventional 
ADCs, in Which the residue output of any stage is available to 
the next stage comparators as Well as to the sampling capaci 
tors for only one clock phase, namely the hold phase. In a 
conventional ADC, the comparator takes decision in the hold 
phase and this decision is used in the next phase (Which is the 
sample phase of the current stage and the hold phase of the 
next stage) to calculate residue. 

In contrast to a conventional ADC, in the present invention 
the residue value of any stage is available for tWo clock 
phases, an amplifying phase (e.g., phase A) folloWed by the 
next sampling phase (e.g., phase B). The sampling capacitors 
in the next sampling phase (e.g., phase B) are available for 
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6 
sampling only in that phase. HoWever, another array of com 
parators is used to make a crude determination of the residue 
value in the ?rst phase, e.g., phase A. Based on this decision 
process in phase A, the comparator thresholds may be appro 
priately selected in phase B. The comparator outputs are used 
in the folloWing amplifying phase to calculate the residue the 
stage. 
To more clearly illustrate this concept, a stage extracting 

5-bits is taken as an example. It should be appreciated that 
While FIG. 5 illustrates a stage extracting 5 bits by Way of 
example and not limitation. That is, the same concept can be 
generaliZed for a stage extracting any number of bits greater 
than 1 bit. In a conventional ADC architecture, 32 compara 
tors are needed to predict the closest Digital to Analog Con 
version (DAC) value. Assuming each comparator take 100 uA 
and offers 50 fF load to the previous stage, the total current 
required for the comparator array is 3.2 mA and presents 1.6 
pF load to the previous stage. NoW, for the architecture of the 
present invention, 4 comparators are used in phase A to esti 
mate the residue to an accuracy of 2 bits. Depending on the 
comparator decision, the next set of 8 comparators is intro 
duced in phase-B Within the range speci?ed by the 1“ set of 
comparators. 

With continued reference to FIG. 5, a tWo step comparator 
implementation is illustrated, by Way of example. The ?rst 
sets of four comparators have respective threshold values at 
Vth:—2, VthI-l, Vth:+l and at Vth:+2. The second sets of 
comparators have variable threshold values and can be chosen 
from any set from among Set-A through Set-E. Depending on 
the decision of the ?rst set of comparators, one of the sets 
among set A, set B, set C, set D, set E is chosen for the 
threshold values for the next set of comparators. For example, 
if the ?rst set of comparators predicts that the residue value 
lies Within Vth1 and Vth-2, the second set of 8 comparators 
are placed at the threshold values in set-B. On the other hand, 
if the ?rst set of 4 comparators predict that the residue is 
Within VthI-l and Vth:+ 1, the threshold value of the next 8 
set of comparators are placed at that given by set-A. 

It should be appreciated that FIG. 5 is only an exemplary 
implementation and, in some implementations, the threshold 
values of the ?rst and second sets of comparators can be 
placed anyWhere depending on the ease of implementation. 

It is noted that the total number of comparators is advan 
tageously reduced by 60%, With similar advantages for the 
poWer dissipation of the comparator and the load offered by 
the comparator. 

Those skilled in the art Will recogniZe that a Wide variety of 
modi?cations, alterations, and combinations can be made 
With respect to the above described embodiments Without 
departing from the spirit and scope of the invention, and that 
such modi?cations, alterations, and combinations are to be 
vieWed as being Within the ambit of the inventive concept. 
The forgoing description sets forth numerous speci?c 

details to convey a thorough understanding of the invention. 
HoWever, it Will be apparent to one skilled in the art that the 
invention may be practiced Without these speci?c details. 
Well-known features are sometimes not described in detail in 
order to avoid obscuring the invention. Other variations and 
embodiments are possible in light of above teachings, and it is 
thus intended that the scope of invention not be limited by this 
Detailed Description, but only by the folloWing Claims. 
What is claimed is: 
1. A method for reducing poWer dissipated in an analog to 

digital converter (ADC) comprised of a plurality of clock 
phases, each clock phase comprising an amplifying phase and 
a sample-and-hold phase for respectively amplifying and 
sampling an analog input signal, comprising the steps of: 
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(a) receiving, in a current amplifying phase, a residue value 
output from a residue ampli?er in a previous clock 
phase; and 

(b) amplifying said residue value during said current 
amplifying phase, thereby eliminating a load effect on 
said residue ampli?er; 

(c) driving a large load on the residue ampli?er and increas 
ing a feedback factor in the sample-and-hold phase and 
eliminating the sampling capacitance of a previous stage 
during a sample-and-hold phase, thereby eliminating a 
loW feedback factor; and 

(d) outputting the residue value from the residue ampli?er 
at the termination of a sample-and-hold phase, the resi 
due value being derived from said sampled analog input 
signal. 

2. The method of claim 1, Wherein poWer dissipated in said 
analog to digital converter (ADC) is reduced by sharing the 
large load on the residue ampli?er betWeen both said sample 
and-hold phase and said amplifying phase. 

3. A method for reducing poWer dissipated in an analog to 
digital converter (ADC), the method comprising the step of: 

holding a residue value of a phase for tWo consecutive 
phases for each of a plurality of clock phases, Whereby 

10 

20 

8 
value input to a comparator is available for tWo consecu 
tive phases, Wherein saidholding step further comprises: 

calculating said residue value in said amplifying phase 
using a ?rst set of comparators, said amplifying phase 
for amplifying an output of a previous sample-and-hold 
phase; and 

selecting a threshold value of a second set of comparators 
in a subsequent sample-and-hold phase based on the 
residue value calculated at said calculating step. 

4. The method of claim 3, Wherein the number of compara 
tors used in said analog to digital converter is reduced by 
sharing the residue value betWeen tWo consecutive phases 
from among the plurality of clock phases Whereby poWer 
dissipated is reduced. 

5. The method of claim 3, Wherein the holding step further 
comprises: 

reducing the speed requirement on the comparator 
Whereby reducing poWer dissipated. 

6. The method of claim 3, Wherein the sample-and-hold 
phase and the amplifying phase in each of said plurality of 
clock phases occur in a sequentially continuous manner. 

* * * * * 


